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ABSTRACT

Both NPN and PNP driver circuits have been brea~~oarded and satisfactorily
tested usieg a worst case transformer primary equivalent circuit load. The pre-
liin innry designs of the transformer and pulse top regulator have been completed.

SUMMARY

The transformer driver circuits provide 0.1 ~tsec peak power pulses of
approxImately 1.5 kW and approxImately 0.6 kW through the 10 psec pulse width.
The breacboard circuit tests indicate that both the NPN and PNP circuits provide
adequate current levels and rise times while operating within their specified
voltage and power ratings.

The transformer windings have been fabricated and are ready for fitting of
the copper tube end turns and core.

PROGRAM OB1TECTWE

This program effort Is Intended to develop a documented working model of a
pulse transformer type TWT grid modulator (See Figure 1). This particular con-
figu ration has been chosen in order to min1m~ze the amount of circuitry at the ‘IWT
cathode potential, and thus enhance reliability and maintainability. The pulse
transformer secondary will drive the TWT grid directly while referenced to the
-50 kV TWT cathode potential. The primary of the transformer is to be driven by
solid state circuitry operating at potentials ranging from 200 to 400 volts with
respect to chassis ground. The secondary output is to be a 2 kV pulse to modulate
the grid of a high powered TWT.

PROGRAM ORGANIZATION

The design portion of the program Is to be accomplished In three separate
phases corresponding to the three major design prthlems associated with a modu-
lator of this type.

1. The transformer must be able to withstand a secondary to primary voltage
stress of -50 kV and simultaneously exhibit a primary leakage inductance
low enough to allow a secondary pulse rise time of 1 usec maxImum.

2. The primary drive transistors must be designed to operate at very high
peak power dissipations at high temperatures without failures due to sec-
ondary breakdown. The primary drive circuitry must operate with current
rise and fail times <0. 5 ~sec to charge and discharge the circuit stray
capacity. -

3. SInce the pulse transformer must be wider damped to provide the short
rise and fall times required , It will exhibit overshoot and ringing. The
phase stability requirements of the TWT will therefore force regulation
of the grid pulse top. Active circuitry must be designed to perform pulse
top clipping and regulating functions and negative bias clamp functions.
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EaisI±ng, proven circuit designs will be used where possible to minfrr~ize design
time. The PNP transformer drive circuitry, the pulse top clipper regulator, the
TWT bias fault circuitry arid the TWT fthiment fault circuitry all as designed for
the A$/TPQ-36 system can be used with very minor modifications.

FLOATING DECK FUNCTIONS

Three different devices for primary drive circuits are under investigation; the
PNP transistor, the NW transistor and the gate torn-off (GTO) 5CR. Preliminary
circuit designs will be used to determine the optimum performance and most
econamical configuration.

The pulse top clipper regulator will be in the form of a closed control loop that
both clips the oscillations on the modulator transforme r secondary and controls the
level of the TWT grid pulse across the width of the pulse.

Since Interpulse negative grid voltage must only maintain the TWT in the off
state and Is not otherwise critical, the bias supply may be an unregulated
transformer-rectifier power supply.

The clamp supply clamps the negative oversh oot from the modulator traits-
forme r to a level within the rat ing of the TWT.

One secondary of the power isolation transformer provide s power for the TWT
heater regulator. The heater regulator then provides stab le power at 8V and 1OA
to the TWT f41~~~nent. The voltage from th. other secondar~r of the power isolation
transformer is rectified and filtered and used to supply regulated 30 Vdc to 80 kflz
Inverters which In turn provide power to the various circuit components on the
floating deck.

The TWT fil ament fault circuit and the TWT grid bias fault circuit provide
optical signals thr ough fiber optic couplers from the -42 kV level to transmitter
control unit (TCU) interfaces at ground level. If the TWT filament voltage drifts
either high or low, the ‘%eater OK” signal to the TCU Is removed and system
operation Is terminated. If the TWT grid bias voltage drifts above a preset value ,
the ‘~bias OK~’ signal to the TCU Is removed and system operation Is terminated.

FINANCIAL STATUS

Present contract funding appears to be adequate to successfully complete the
task. Expenditures through the end of August are as follows:

Labor — 738 Manhours

Total— $16. 6K ~~~~~~~~~~
USC
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DESIGN REQUIREMENT OUTLINE

I. DRIVERS

a. NPN

b. PNP

c. GTO SCR

II. MODULAT OR TRAN SFORMER

a. IN/OUT Volt Levels

b Driving PNT Impedance (rise time)

c. Size, Weight

m. PULSE TOP CLIPPE R

a. Amplifier -

b. Control Element (Tran sistor)

c. Voltage Shifters (Zeners)

d. Input Circuits (Sensors )

1V. BIAS SUPPLY

a. Bias for Mod Transformer

b. Negative Clamp

V. INSTRUMENTATION

a. Filament Fault

b. Bias Fault

VL POWER SUPPLIE S

a. TWiT Heate r

b. 3O Vdc

c. 80 kHz biverters
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MODU LATOR PERF ORMANCE OBJECT IVES

Parameter Symbol Design Goal
Gr id pulse tr < 1  Msec
rise time

Grld pulse 4 <l u se c
fail time -

Minimum Tw 1 paec
Pulse width

Maximum Tw l0~~sec
Pulse width

Maximum D 5%
c~rty cycle

Pulse top V 10%
overshoot

Pulse top AE 0. 0058%
Stability RMS max

- - ~~1IIT.T1 1±1~~ 
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PR OGRESS

During the reporting period, the designs of the modulator tr ansformer ,
driver circuits, and clipper regulator were completed. Details of these designs
are as follows:

Modulator Transformer

The modulator transformer is constructed on a core of 2 mu 80% Ni. The
core geometry and material were selected to provide a 10 ~.Lsec puls e width with
mthjmwn pulse top droop. The transformer construction is shown in Figure 2.
Each primary winding Is made of 2 m.il copper foil to achieve closer coupling and
thus a lower leakage inductance. The secondary winding is No. 26 AWG magnet
wire. The primary and secondary are insulated for a 50 kV voltage gradient with
Kapt on and Kraft paper. The start and finish turns of each of the secondary wind-
ings is made of 1/4” copper tubing to minimiz e the voltage gradient to the sur-
rounding ground potential.

Driver Circuits

The PNP (Figure 3) and the NPN (Figure 4) driver circu its exhibit very
similar operating characteristics In the modulator transformer equivalent test
circuit of Figure 6. The circuit designs are identical with circuit implementation
differing only in power supp ly and semiconductor polarity reversals. The outpit
transistor is driven on by a fast pulse coupled through the 0.22 ~sf d capaci tor from
the Intermediate driver trans istor. The output transistor is maintained in the on
state for the remainder of the 10 j~sec pulse by the input pulse transformer. Two
driver circuits are used to operate the modulator transformer; one as an “on”
driver and one as an “off” driver.

The Gate Turn Off SCR (G TO) circui t (Figure 5) offe rs some circuit sim-
plicity but the device is susceptib le to gate leakage instability at higher temper-
atures. The GTO driver wiU be tested as time permits.

TYPICAL DRIVER CIRCUIT TEST RESULTS

Parameter Rise Peak Steady State Value
(See Fig. 6) Time Value (10 ~j sec Intr apulse Period)

V0 0.1 ~sec 220 Volts 0.5 Volts

0. 1 paec 4 Amps 3 Amperes

V L 0.4 ~zsec 200 Volts ~ 200 Volta 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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-12 VDC TO IDENTICAL
“OFF” C~RCU~T

+24 VOC
2.7K 1 -200 VDC

MODULATO R
I. TRANSFORMER

H H ~~ !
680 n p6.2K PRIMARY

PULSE 

2N5345

XFMR .
-.-——--—--[

,~~ 2N3725A

Figure 3. PNP Transistor Modulator Driver

-~ +12 V~~ TO IDENTICAL 9
“ OFF” CIRCUIT

Figure 4. NPN Transistor Modulator Driver
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Figure 5. Gate Tur n Off SCR Modulator Driver
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LEAKAGE INDUCTANCE — LL - 6~~HY
PRIMARY INDUCTANCE — Lp 600MHV
LOAD CAPACITY — CT - 0.02 Mtd
LOAD RESISTANCE — RL - 370 r2

200 VDC

I L j  I
I Lp CT R1 V L I

ITRANSFORMER IEQUIVALENT I
CIRCUIT 

‘L ~ L L

L_ _  _ _ _J
DRIVER OUTPUT
TRANSISTOR

V0

Figure 6. Modulator Tran sformer Equivalent Test Circuit
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MAX AMPLITUDE
— ______________ L.~I I I’
I I I CLIPPER TO
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4 ~ ~
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J
___I___

1 ~~~~~0 CONTROL

j  660

I e~~~~~~~~~ P
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5000 Pt ‘ 5K 1.2K L j. ’A 723 — — — 
j

Figure 7. Pulse Top Clipper Regulator
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Clipper Regulator Circuit

The clipper regulator circuit (Figure 7) maintaIns a constant positive voltage
on toe 0. 25 ~dd clipper capacitor. The modulator transformer seconthry positive
excursion is thus limited to this level by the clipper diode. Voltage changes on
the clipper capacitor are sensed by the compen sated divider network , amplified
and used to control the current through the DI’S 804 and the series stack of
330 volt zener d’odes. The zener diodes limit the collector voltage on the DTS 804
to a safe level (990 volts) and also bound the clipper control range between
+1650 volts max and ÷660 volts m m .

CON CLU SI ONS

The driving polnt .impedance of the transformer appears to be compatible with
the proposed drive circuits. The t ransformer input parameters , as measur ed with
the equivalent circuit , are reasonabl e and typical of this type of circuit. The cir-
cuit stresses are modera te and Indicate that a conservative design is possible.

SUBSEQUENT PROGRAM DIRECTION

The transformer will be completed and tested , without high voltage stress ,
to ascertain its exact cha racteristic s. The pulse top regul ator awl bias supply will
be constructed and separately tested . After successful completion of the individual
tests , the units will be Interconnect ed and tested as a composite system.
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